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DESCRIPTION 

COAITNCi AQUEOUS COATING MATERIAL AND PROCESS FOR PRODUCING 
COATING USING THE SAME, AND COATED ARTICLE WITH COATING 

TECNIC AL FIELD 

[0001] The present invention relates to a coating, an aqueous coating material, a process 
for producing a coating using the aqueous coating material, and a coated article with the 
coating. 

BACKGROUND ART 

[0002] In recent years, in the field of paints, transformation from organic solvent-based 
paints to water-based paints is promoted from the view points of environmental 
protection and safety-hygiene. However, water-based paints are on a lower level with 
coating performance of weather resistance, water resistance, freeze- thaw resistance, and 
particularly stain-resistance comparing with organic solvent-based paints. Therefore, it 
is current that there are many problems to be solved. 

[0003] Development of water-based paints and development of laminating methods of 
coatings directed to a solution of these problems have been performed in various ways. 
For example, as resins for water-based paints, emulsions of acrylic resins by emulsion 
polymerization are attracted attention because the obtained coating has characteristics . 
having relatively good properties such as weather resistance. In addition, a method such 
that laminate coatings are performed with imparting properties to under coatings, 
intermediate coatings and top coatings respectively by using water-based emulsions to 
impart coating performance such as stain-resistance to the entire laminate material has 
been developed. 

BEST AVAILABLE COPY 
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[0004] Technical methods of stain-resistant improvement include (i) a method of raising 
the hardness of a coating (glass transition temperature of a resin (Tg) is raised), (ii) a 
method to hydrophilize a coating surface to impart a faculty of self-purification to wash 
away a pollutant with rain, and (iii) a method to restrain adhering electrostatic pollution 
by regulating electrostatic property, and so on. 

[0005] However, when a glass transition temperature is raised and the hardness of a 
coating is raised as in method (i), film formation characteristics deteriorate and problems 
such as occurring of cracks in winter (freezing damage characteristics) happen. In 
addition, large improvement of stain-resistance is difficult In a method to hydrophilize 
a coating surface as in method (ii), there is a problem that weather resistance deteriorates 
as for hydrophilizing by monomer compositions. Further, as for the addition of 
materials such as surfactants, water resistance deteriorates, and there also has a problem 
in continuance of stain-resistant effect In a method to regulate electrostatic property as 
in method (iii), addition of an antistatic agent gives bad influence for weather resistance 
and water resistance, and there also has a problem in the durability of the effect 
[0006] A method to contain inorganic materials is known as one of methods to solve the 
above problems and to improve properties of water-based paints. For example, in 
Patent reference 1, a coating composition in which colloidal silica is incorporated into a 
water-based emulsion by copolymerizing vinyl si lanes and acrylic monomers is proposed, 
and has characteristics excellent in heat resistance, water resistance, and adhesion of a 
coating. 

[0007] However, this coating composition needs large contents of colloidal silica of 
500-20000 parts by mass in solid content for 100 parts by mass in solid content of the 
water-based emulsion. When large contents of colloidal silica are used, there have 
problems that transparency and weather resistance of the coating, storage stability of the 
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coating composition, and coating workability become inferior. 

[0008] On the contrary, Patent references 2 and 3 disclose that relatively small contents 
of colloidal silica are used as essential components. 

[0009] In Patent reference 2, a flame-retardant paint material containing 100 parts by 
mass of a polyorgano siloxane-based graft copolymer emulsion in which 10-90 mass % 
of a unsaturated vinyl monomer is graft-copolymerized for polyorgano siloxane, and 
1-50 parts by mass of colloidal silica is proposed The above flame-retardant paint 
material has characteristics excellent in flame retardancy, extensibility, adhesiveness, 
temperature sensitivity, moisture permeability, and stain-resistance of the coating. 
[00 1 0] However, this paint material has problems of low stain-resistance with 
insufficient hydrophilic property, transparency, and hardness of the coating, because of 
containing large contents of a water-repellent silicone component which is 52 parts by 
mass or more of a polyorgano siloxane component for 100 parts by mass in solid content 
of the polyorgano siloxane-based graft block copolymer emulsion. 
[001 1] In Patent reference 3, an aqueous coating composition containing 1 00 parts by 
mass of a polyorgano siloxane-based graft copolymer emulsion and 1-300 parts by mass 
of colloidal silica is proposed. The aqueous coating composition is excellent in storage 
stability, and a coating has characteristics excellent in hardness, water resistance, and 
stain-resistance. However, lowering pollution by a further hydrophilization of the 
coating is requested although stain-resistance is largely improved as compared to the 
coating comprising the paint material described in Patent reference 2. 
[0012] In addition, in Patent references 4 and 5, and so on, at a case of surface coating 
of cement-type materials, a method to prevent pollution adhesion from static electricity 
and to impart stain-resistance to a coating is proposed by preventing static electricity 
retention of a whole laminated material which has a multi-layer structure of an under 
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coating, an intennediate coating, and a top coating, and each of all layers contains a 
silicate or silica sol. 

[00 1 3] However, when either one layer of the under coating, the intermediate coating or 
the top coating was a coating only with a resin, a static electricity retention was generated 
to cause a problem of pollution adhesion. 

[0014] In addition, in Patent reference 6, an antifouling aqueous coating composition, 
which comprises an aqueous dispersion having a silicone structure containing phenyl 
group, a sulfo-succinic acid-type surfactant, a surfactant having alkylene oxide group and 
colloidal inorganic particles (colloidal silica), is proposed. However, in the antifouling 
aqueous coating composition described in Patent reference 6, stain-resistance in a 
satisfactory level has not achieved. 

Patent reference 1: Japanese Examined Patent Application, Second Publication 

No.Hl-41180 

Patent reference 2: Japanese Unexamined Patent Application, First Publication 
No. H4-23857 

Patent reference 3: Japanese Unexamined Patent Application, First Publication 
No. H9-165554 

Patent reference 4: Japanese Examined Patent Application, Second Publication 
No. S53-34141 

Patent reference 5: Japanese Unexamined Patent Application, First Publication 
No. H5-96234 

Patent reference 6: Japanese Unexamined Patent Application, First Publication 
No. 2004-149668 
DISCLOSURE OF INVENTION 
PROBLEM TO BE SOLVED BY THE INVENTION 
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[0015] The present invention was made to solve the above problems. The object of 
the present invention is to provide a coating excellent in stain-resistance and transparency, 
weather resistance, and elongation, 
MEANS FOR SOLVING THE PROBLEM 

[0016] A coating of the present invention comprises a coating component containing 
polymer (I) and colloidal silica (II) having an average particle size of 60 nm or less, 
wherein colloidal silica (II) is contained with 0.5-20 parts by mass in solid content for 
100 parts by mass of polymer (I) and the area of colloidal silica exposed at a coating 
surface occupies 35% or more of the coating surface. 

[0017] In addition, an aqueous coating material of the present invention comprises 
polymer (I) containing 0. 1-20 parts by mass of a radical polymerizable monomer unit 
containing hydrolysable silyl group (a) and 80-99.9 parts by mass of another 
copolymerizable monomer unit (b) (the total contents of (a) and (b) are 100 parts by 
mass), colloidal silica (II) having an average particle size of 60 nm or less, and at least 
one kind of an anionic surfactant selected from the group of the following (HI), and a 
nonionic surfactant, wherein colloidal silica (II) is contained with 0.5-20 parts by mass in 
solid content for 100 parts by mass of polymer (I). 

[0018] (HI): Sulfate salts of polyoxyalkylene aryl ether, sulfate salts of polyoxyalkylene 
alkylaryl ether, formalin condensates of sulfate salts of polyoxyalkylene aryl ether, and 
formalin condensates of sulfate salts of polyoxyalkylene alkylaryl ether. 

Further, another aqueous coating material of the present invention comprises 
polymer (I) containing 4-20 parts by mass of a radical polymerizable monomer unit 
containing hydrolysable silyl group (a) and 80-96 parts by mass of another 
copolymerizable monomer unit (b) (the total contents of (a) and (b) are 100 parts by 
mass), and colloidal silica (II) having an average particle size of 60 nm or less, wherein 
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colloidal silica (II) is contained with 0.5-20 parts by mass in solid content for 100 parts 
by mass of polymer (I). 

[0019] In addition, another aqueous coating material of the present invention comprises 
0.5-20 parts by mass in solid content of colloidal silica (II) having an average particle 
size of 60 nm or less and 0.5-20 part by mass of an organic solvent having less than 0.8 
of distribution coefficient of octanol/water. 

[0020] A process for producing a coating of the present invention comprises applying 
the aqueous coating material according to any one of the above aqueous coating materials, 
wherein a coating comprises a coating component containing polymer (I) and colloidal 
silica (II) having an average particle size of 60nm or less, in which colloidal silica (II) is 
contained with 0.5-20 parts by mass in solid content for 100 parts by mass of polymer (I) 
and the area of colloidal silica exposed at the coating surface occupies 35% or more of 
the coating surface. 

[0021] Further, a coated article of the present invention comprises the above coating. 
EFFECTS OF THE INVENTION 

[0022] According to the coating of the present invention, excellent stain-resistance is 
developed, the coating excellent in transparency, weather resistance, and coating 
elongation can be provided. 

[0023] In addition, by applying the aqueous coating material of the present invention, 
the above coating can be formed. 

[0024] The coated article having high stain-resistance, transparency, weather resistance 
and coating elongation can be provided by having the above described coating on a 
product. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0025] The coating of the present invention comprises a coating component containing 
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polymer (I) and colloidal silica (II) having an average particle size of 1-60 nm, wherein 
colloidal silica (II) is contained with 0.5-20 parts by mass in solid content for 100 parts 
by mass of polymer (I) and the area of colloidal silica exposed at the coating surface 
occupies 35% or more of the coating surface. 

[0026] The above coating component is an essential component which imparts 

characteristics such as film formability, weather resistance, water resistance, and 

fteeze-thaw resistance to the coating, and the above colloidal silica is a component which 

imparts characteristics of stain-resistance and anti-static property, hardness, and weather 

resistance to the coating. 

[0027] It is explained in detail as follow. 

[0028] [Colloidal silica] 

According to the present invention, colloidal silica exists at a specific rale at the 
surface of the coating. In this condition, colloidal silica exposed and dispersed at the 
surface of the coating gives remarkable hydrophilic property to the coating so that 
self-purifing by rain is achieved. Further, colloidal silica particles come into contact at 
the coating surface each other so that the coating surface has conductivity and adhesion 
of pollution by static electricity is restrained. As a result, this coating shows excellent 
stain-resistance. 

[0029] The content of colloidal silica in the whole coating is 0.5-20 parts by mass in 
solid content for 100 parts by mass of the polymer in the coating component When this 
content is 0.5 part by mass or more, stain-resistance, water contact angle, and anti-static 
property of the coating can be improved. On the other hand, when this content is 20 
parts by mass or less, stain-resistance, water contact angle, and anti-static property of the 
coating can be further improved without reducing transparency, weather resistance, water 
resistance, and freeze-thaw resistance (coating elongation) of the coating. In addition, 
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when this content exceeds 20 parts by mass, whitening of the coating occurs. More 
preferred content of colloidal silica is 1-18 parts by mass. 

[0030] The area of colloidal silica exposed to the coating surface occupies 35% or more 
of the coating surface area When the exposed area of colloidal silica at the coating 
surface is less than 35%, satisfactory stain-resistance, water contact angle and anti-static 
property can not be obtained. The area is preferably 50% or more, more preferably 70% 
or more, and most preferably 90% or more. 

[003 1] The exposed area of colloidal silica at the coating surface in die present 
invention means an area got by image processing of a secondary electron image of a 
scanning electron micrograph of the coating surface. In addition, a distribution situation 
and an area size of the coating component which is not covered by colloidal silica can be 
determined in visual observation by using a secondary electron image of a scanning 
electron microscope. An example of software used for a specific electron microgram 
scan condition and image processing is shown as follows. 
[0032] Electron microgram 

JSM-6340F type field emission scanning electron microscope manufactured by 

JEOL Ltd. 

Acceleration voltage: 2.5kV 

Magnification: 50,000 times / image processing analysis 
Planetron Inc., Image-Pro Plus 
Analysis target minimal area: le-5 \im 2 

It is considered that colloidal silica moves up by passing through particles of a 
polymer at the coating surface during film formation, resulting to form a film in the form 
of covering a particle of the polymer. Thus, about the surface morphology of the 
coating, a shape of the polymer segment that is not covered with colloidal silica reflects 
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the shape of the polymer particle in the coating component, so that the shape is mainly in 
circular form, near in circular form, or the figure that the polymer particles agglomerate. 
In election micrograms, when the contrast of these and colloidal silica is insufficient, it is 
difficult to obtain the result of image processing based on the actual situation. Thus, 
image processing after processing by software such as Photoshop* is effective to touch 
contrast to a digital picture of an electron microgram. 

[0033] In addition, as for the polymer segment that is not covered in the coating surface 
by colloidal silica, that diameter is (Mpm, and it is preferred that the polymer segment is 
distributed at the coating surface equally. When the exposing portion of the polymer 
particles that are not covered with colloidal silica is too wide, and the portion of the 
polymer exposing at the coating surface is unevenly distributed in one section of the 
coating, stain-resistance of the whole coating shows a tendency to deteriorate. 
[0034] Further, it is preferable that the silicon density derived from colloidal silica in 
the outer layer of the coating is 1 0 atm% or more. When the silicon density is less than 
10 atm%, stain-resistance, water contact angle, and anti-static property of the coating 
show a tendency to deteriorate. 

[0035] The silicon density derived from colloidal silica in the outer layer of the coating 
can be measured with X-ray photoelectron spectroscopy. A specific example of a 
measurement condition of X-ray photoelectron spectroscopy is shown as follows. 
[0036] X-ray photoelectron spectroscopy 

ESCA LAB 220iXL manufactured by Vacuum Generators, Inc. 

X-ray source: monochromatization Alka, 200W 

Lens mode: Large XL mode 

Pass Energy: lOOeV (wide scan) / 20eV (narrow scan) 

The average particle size of colloidal silica (II) used in the present invention is 
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1-60 nm, preferably less than 40 nm, and more preferably less than 20 m When the 
particle size of colloidal silica is 60 nm or less, colloidal silica is easy to move up to the 
surface layer of the coating during the film formation. In the coating surface layer, film 
formation is performed so that colloidal silica fills up thickly the interstice of the polymer 
particles of the coating component and so that the polymer particles are coated, to result 
the polymer and colloidal silica or colloidal silica particles exist with chemical bonding 
or physical adsorption at the surface of the coating. As a result, high stain-resistance 
can be developed. In addition, when average particle sizes of colloidal silica exceed 60 
nm, reflecting diffusion of incident light to the coating surface and transmitted light was 
caused so that problems such as whitening of the coating happen. 
[0037] As colloidal silica, commercial products can be used and either one dispersed in 
water or one dispersed in an organic solvent can be applicable. 

[0038] For example, for aqueous colloidal silica showing acidic property, commercial 
products such as "SNOWTEX OXS" (SiCfe solid contents 10%), "SNOWTEX OS" (Si0 2 
solid contents 20%), "SNOWTEX O" (SiOa solid contents 20%), "SNOWTEX O-40" 
(SiOj solid contents 40%), "SNOWTEX OL" (SiOz solid contents 20%), "SNOWTEX 
OUP" (Si02 solid contents 15%) (manufactured by Nissan Chemical Industries, Ltd.), 
"ADELITE AT-20Q" (manufactured by ADEKA CORPORATION, SiCh solid contents 
20%), "CATALOID SN" (manufactured by Catalysts & Chemicals Industries Co., Ltd., 
SiC>2 solid contents 20%), "SILICADOL-20A" (SiC>2 solid contents 20%) and 
"SILICADOL-20GA" (Si02 solid contents 20%) (manufactured by Nippon Chemical 
Industrial Co., Ltd.) are given. 

[0039] For aqueous colloidal silica showing alkaline property, for example, commercial 
products such as "SNOWTEX XS" (SiOa solid contents 20%), "SNOWTEX 20" (SiCfe 
solid contents 20%), "SNOWTEX 30" (SiOz solid contents 30%), "SNOWTEX 40" 
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(SiOz solid contents 40%), "SNOWTEX 50" (SiOz solid contents 50%), "SNOWTEX C" 
(SiOz solid contents 20%), "SNOWTEX N" (SiOz solid contents 20%), "SNOWTEX S" 
(SiOz solid contents 30%), "SNOWTEX CM" (SiOz solid contents 30%), "SNOWTEX 
UP" (SiOz solid contents 20%), "SNOWTEX 20L" (SiOz solid contents 20%), 
"SNOWTEX XL" (SiOz soUd contents 40%), (manufactured by Nissan Chemical 
Industries, Ltd), "ADEUTE AT-20" (SiOz solid contents 20%), " ADELITE AT-20N" 
(Si02 solid contents 20%), "ADELITE AT-20A" (SiOz solid contents 20%), "ADELITE 
AT-30", "ADELITE AT-40", "ADELITE AT-50", "ADELITE AT-30A", "ADELITE 
AT-300", "ADELITE AT-300S" (manufactured by ADEKA CORPORATION), 
"CATALOID S-20L" (SiOz soUd contents 20%), "CATALOID S-20H" (Si02 solid 
contents 20%), "CATALOID S-30L" (SiOz solid contents 30%), "CATALOID S-30H" 
(SiOz solid contents 30%), "CATALOID SI-30" (SiOz solid contents 30%), "CATALOID 
SI-40" (SiCh solid contents 40%), "CATALOID SI-50" (SiOz solid contents 47%), 
"CATALOID SI-350" (SiOz soUd contents 30%), "CATALOID SI-500" (SiOa solid 
contents 20%), "CATALOID SI-45P" (Si02 solid contents 40%), "CATALOID SI-80P" 
(SiOz solid contents 40%), "CATALOID SA" (SiOz soUd contents 30%), "CATALOID 
SC-30" (SiOz solid contents 30%) (manufactured by Catalysts & Chemicals Industries 
Co., Ltd.), "SIL1CADOL-20" (SiOz solid contents 20%), "STLICADOL-30" (SiOz solid 
contents 30%), "SILICADOL-40" (SiOz solid contents 40%), "SILICADOL-30S" (SiOz 
solid contents 30%), "SILICADOL-20AL" (SiOz soUd contents 20%), 
"SILICADOL-20A" (SiOz solid contents 20%), "SILICADOL 20B" (SiOz solid contents 
20%), "SILICADOL-20G" (SiOz soUd contents 20%), "SILICADOL-20GA" (SiOz soUd 
contents 20%), and ammonium silicate (SiOz solid contents 40%) (manufactured by 
Nippon Chemical Industrial Co., Ltd.) are given. 

[0040] For canonic colloidal silica, "SNOWTEX AK" (manufactured by Nissan 
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Chemical Industries, Ltd., SiCb solid contents 19%) and *SILICADOL-20P n 
(manufactured by Nippon Chemical Industrial Co., Ltd, SiQz solid contents 20%) are 
given. 

[004 1] In the present invention, these colloidal silica can be used alone or in 
combination. 

[0042] For colloidal silica (II) used in the present invention, surface treatment by silane 
compounds shown in the following general formula (1) can be applied. 
[0043] SiRVi (OR 2 ) 3-« 0) 

Wherein, R 1 represents a hydrogen atom or a hydrocarbon group having 1-10 carbon 
atoms; R 2 represents hydrogen atom or hydrocarbon group having 1-10 carbon atoms 
which can include an ether bond; and n represents an integer of 0, 1, or 2. 

For specific examples of the silane compounds shown in the general formula (1), 
trimethoxy silane, dimethoxy silane, dimethoxy dimethyl silane, methoxy trimethyl 
silane, triethoxy silane, diethoxy methyl silane, dimethyl ethoxy silane, phenyl 
trimethoxy silane, dimethoxy phenyl silane, phenyl triethoxy silane, diethoxy phenyl 
silane, and the like can be given. These can be used alone or in combination. Among 
these, trimethoxy methyl silane is particularly preferable. 

[0044] As a method of surface treatment of colloidal silica by a silane compound, a 
method that colloidal silica and at least one kind of a silane compound selected from the 
above silane compounds are added to a water-based resin dispersion containing polymer 
(I), and stirring with an optional time is performed at the temperature of room 
temperature to 100°C is given. 

[0045] In addition, alternatively, a method to add colloidal silica, that was 
surface-treated with a silane compound, and that is obtained in advance by stirring 
colloidal silica and at least one of the above silane compounds with an optional time at 
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the temperature of room temperature to 100°C, into the water-based resin dispersion of 
polymer (I) is given. However, it is not particularly limited to this method 
[0046] The content of the silane compound which is used when surface treatment of 
colloidal silica is proceeded is preferably 1-60 parts by mass for 100 parts by mass in 
solid content of colloidal silica. When this content is 1 part by mass or more, weather 
resistance of the coating is improved, and when it is 60 parts by mass or less, weather 
resistance of the coating is further improved without reducing storage stability of 
colloidal silica and stain-resistance and water resistance of the coating. More preferred 
content is 5-40 parts by mass. 
[0047] [Coating component] 

The coating component comprises polymer (I) as a main component. 
[0048] For polymer (I), a polyester resin, a polyurethane resin, an acrylic resin, an 
acrylic silicone resin, a fluorinated resin, and so on are given, and among these, an 
acrylic resin and an acrylic silicone resin are preferable from a viewpoint of 
stain-resistance, weather resistance, water resistance, and freeze-thaw resistance of the 
coating, and an acrylic silicone resin is the most preferable. 

[0049] In the present invention, for monomers used for polymer (I), for example, vinyl 
silanes such as vinyl methyldimethoxy silane, vinyl trimethoxy silane, vinyl triethoxy 
silane, vinyl methyldichloro silane, and vinyl trichloro silane; acryloyloxy alkyl silanes 
such as y-acryloyloxy ethylmethyldimethoxy silane, y-acryloyloxy ethyltrimethoxy silane, 
y-acryloyloxy ethyltriethoxy silane, y-acryloyloxy propylmethyldimethoxy silane, 
y-acryloyloxy propyltrimethoxy silane, y-acryloyloxy propyhriethoxy silane, 
Y-acryloyloxy ethylmethyldichloro silane, y-acryloyloxy ethyltrichloro silane, 
y-acryloyloxy propylmethyldichloro silane, and y-acryloyloxy propyltrichloro silane; 
methacryloyloxy alkyl silanes such as y-methacryloyioxy ethylmethyldimethoxy silane, 



2006 08/03 20:02 FAX 03 5288 5833 



111017/065 



14 

y-methacryloyloxy ethyltrimethoxy silane, y-methacryloyloxy ethyltriethoxy silane, 
y-methacryloyloxy propylmethyldimethoxy silane, y-methacryloyloxy propyltrimethoxy 
silane, y-methacryloyloxy propyltriethoxy silane, y-methacryloyloxy ethylmethyldichloro 
silane, y-methacryloyloxy ethyltrichloro silane, y-methacryloyloxy propylmethyldichloro 
silane, and y-methacryloyloxy propyltrichloro silane; alkyl (meth)acrylates having alkyl 
group having 1-1 8 carbon atoms such as methyl (meth)acrylate, ethyl (meth)acrylate, 
n-propyl (meth)acrylate, i-propyl (meth)acrylate, n-butyl (meth)acrylate, i-butyl 
(meth)acrylate, sec-butyl (meth)acrylate, t-butyl (meth)acrylate, n-amyl (meth)acrylate, 

1- amyl (meth)acrylate, n-hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, n-octyl 
(meth)acrylate, nonyl (meth)acrylate, decyl (meth)acrylate, dodecyl (meth)acrylate, 
lauryl (meth)acrylate and stearyl (meth)acrylate; cycloalkyl (meth)acrylates such as 
cyclohexyl (meth)acrylate and p-t-butylcyclohexyl (meth)acrylate; radical polymerizable 
monomers containing hydroxyl group such as 2-hydroxyethyl (meth)acrylate, 

2- (3-)hydroxypropyl (meth)acrylate, 4-hydroxybutyl (meth)acrylate, and glycerol 
mono(meth)acrylate; (meth)acrylates containing polyalkylene oxide group such as 
hydroxypolyethylene oxide mono(meth)acrylate, hydroxypolypropylene oxide 
mono(meth)acrylate, hydroxy (polyethylene oxide - polypropylene oxide) 
mono(meth)acrylate, hydroxy(polyethylene oxide - propylene oxide) mono (meth)acrylate, 
hydroxy(polyethylene oxide - polytetramethylene oxide) mono(meth)acrylate, 
hydroxy(polyethylene oxide - tetramethylene oxide) mono(meth)acrylate, 
hydroxy(polypropylene oxide - polytetramethylene oxide) mono(meth)acrylate, 
hydroxy(polypropylene oxide - polytetramethylene oxide) mono(meth)acrylate, methoxy 
polyethylene oxide mono(meth)acrylate, lauloxy polyethylene oxide mono(meth)acrylate, 
stearoxy polyethylene oxide mono(meth)acrylate, allyloxy polyethylene oxide 
mono(meth)acrylate, nonylphenoxy polyethylene oxide mono(meth)acrylate, 
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nonylphenoxy polypropylene oxide mono{meth)acrylate, octoxy(polyethylene oxide - 
polypropylene oxide) mono(meth)acrylate, and nonylphenoxy(polyethylene oxide - 
propylene oxide) mono(meth)acrylate; hydroxycycloalkyl (meth)aciylates such as 
p-hydroxycyclohexyl (meth)acrylate; radical polymerizable monomers containing 
lactone modified hydroxyl group; amino alkyl (meth)acrylates such as 2-aminoethyl 
(meth)acrylate, 2-dimethylaminoethyl (meth)acrylate, 2-aminopropyl (meth)acrylate, and 
2-butylaminoethyl (meth)acrylate; polymerizable monomers containing amide group 
such as (meth)acryl amide, N-melhylol acrylamide, and N-butoxymethyl (meth)acryl 
amide; polyfunction^ (meth)acrylates such as ethyleneglycol di(meth)acrylate, 
propylene glycol di(meth)acrylate, butylene glycol di(meth)acrylate, and 
trimethylolpropane tri(meth)acrylate; radical polymerizable monomers containing metal 
such as zinc diacrylate and zinc dimethacrylate; (meth)acrylates containing ultraviolet 
ray-resistant group such as 2-(2'-hydroxy-5'-(meth)acryloxyethyl 
phenyl)-2H-benzotriazole, l-{mem)acryloyl-4-hydroxy-2,2,6,6^teuwemylpiperidine, 
l-(mem)acryloyl-4-memoxy-2A6,6-tetiamemylpiperidine > 

l-(mem)acryloyl-4-ammo-4-cyano-2A6,6-teti^emylpiperidine; other (meth) acrylic 
monomers such as dimethylaminoemyl (meth)acrylate methyl chloride salt, allyl 
(meth)acrylate, glycidyl (meth)acrylate, (meth)acrylonitrile, phenyl (meth)acrylate, 
benzyl (meth)acrylate, isobomyl (meth)acrylate, tetrahydrorurfuryl (meth)acrylate, 
methoxyethyl (meth)acrylate, and ethoxyethyl (meth)acrylate; carbonyl group-containing 
monomers based on aldehyde group or keto group such as acrolein, diacetone acryl 
amide, fonnyl styrene, vinyl methyl ketone, vinyl ethyl ketone, vinyl isobutyl ketone, 
pivalic aldehyde, diacetone (meth)acrylate, acetonitrile acrylate, and aceto acetoxyethyl 
(meth)acrylate; aromatic vinyl monomers such as styrene, methyl styrene, chloro styrene, 
and methoxystyrene; conjugated diene monomers such as 1,3-butadiene, isoprene, and 
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2-chloro-l ,3-butadiene; carboxyl group-containing monomers such as (meth)acrylic acid, 
itaconic acid, fumaric acid, maleic acid, and half ester thereof, 2- (meth)acryloxyethyl 
phthalic acid and 2- (meth)acryloxyethyl hexahydrophthalic acid; radical polymerizable 
monomers such as vinyl acetate, vinyl chloride, ethylene, and vinyl propionate; and 
silicone polymers having graft-linking agents discussed later, and further as occasion 
demands, radical polymerizable monomers containing oxirane group such as glycidyl 
(meth)acrylate; and radical polymerizable monomers containing self-crosslinking 
functional groups such as alkylols or alkoxyalkyl compounds of ethylenic unsaturated 
amides such as N-methylol (meth)acryl amide, N-butoxymethyl (meth)acryl amide, and 
N-methoxymethyl (meth)acryl amide are given, however, they are not limited if they are 
radical polymerizable. 

[0050] For polymer (I) used in the present invention, it is preferable to use a radical 
polymerizable monomer containing hydrolyzable silyl group to improve stain-resistance, 
weather resistance, and water resistance of the coating. By using the radical 
polymerizable monomer containing hydrolyzable silyl group, binding of the polymer and 
colloidal silica, and exposing contents of colloidal silica at die coating surface are 
improved, and stain-resistance, weather resistance, and water resistance are further 
improved. The content of radical polymerizable monomer containing hydrolyzable silyl 
group is preferably 0. 1 -20 parts by mass for 100 parts by mass of polymer (I). When 
the content of radical polymerizable monomer containing hydrolyzable silyl group is 0.1 
part by mass or more, stain-resistance, weather resistance, and water resistance of the 
coating are improved, and when it is 20 parts by mass or less, stain-resistance, weather 
resistance, and water resistance are further improved without reducing freeze-thaw 
resistance of die coating. More preferably, it is 0.5-18 parts by weight. 
[005 1 ] The radical polymerizable monomer containing hydrolyzable silyl group is used 
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to improve stain-resistance, weather resistance, and water resistance of the coating, 
however, it is also a component reducing freeze-thaw resistance. Thus, it is preferable 
to improve stain-resistance, weather resistance, and water resistance of the coating with 
small content 

[0052] For improving stain-resistance, weather resistance and water resistance of the 
coating with small content, this purpose is achieved by producing an emulsion particle 
having multilayer structures, and by copolymerizing the radical polymerizable monomer 
containing hydrolyzable silyl group for the outermost layer of the particle. 
[0053] Further, it is preferable not to make hydrolyze a hydrolyzable part of the radical 
polymerizable monomer containing hydrolyzable silyl group in a polymerization process 
to restrain deterioration of freeze-thaw resistance, and it is preferable to polymerize at 
low temperature of 70°C or less to achieve it 

[0054] For specific examples of the radical polymerizable monomer containing 
hydrolyzable silyl group, vinyl silanes such as vinyl methyldimethoxy silane, vinyl 
trimethoxy silane, vinyl triethoxy silane, vinyl methyldichloro silane, and vinyl trichloro 
silane; acryloyloxy alkyl silanes such as y-acryloyloxy ethylmethyl dimethoxy silane, 
y-acryloyloxy ethyltrimethoxy silane, y-acryloyloxy ethyltriethoxy silane, y-acryloyloxy 
propylmethyldimethoxy silane, y-acryloyloxy propyltrimethoxy silane, y-acryloyloxy 
propyltriethoxy silane, y-acryloyloxy ethylmethyldichloro silane, y-acryloyloxy 
ethyltrichloro silane, y-acryloyloxy propylmethyldichloro silane, and y-acryloyloxy 
propyltrichloro silane; methacryloyloxy alkyl silanes such as y-methacryloyloxy 
ethylmethyldimethoxy silane, y-methacryloyloxy ethyltrimethoxy silane, 
y-methacryloyloxy ethyltriethoxy silane, y-methacryloyloxy propylmethyldimethoxy 
silane, y-methacryloyloxy propyltrimethoxy silane* y-methacryloyloxy propyltriethoxy 
silane, y-methacryloyloxy ethylmethyldichloro silane, y-methacryloyloxy ethyltrichloro 
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silane, 7-methacryloyloxy propylmethyldichloro silane, and y-methacryloyloxy 
propyltrichloro silane are given. Above all, when vinyl polymerization reactivity, 
stain-resistance, weather resistance, and water resistance are considered, acryloyloxy 
alkyl silanes and methacryloyloxy alkyl silanes are preferable, and acryloyloxy 
alkyltrialkoxy silanes and methacryloyloxy alkyltrialkoxy silanes are more preferable. 
[0055] In addition, more advanced stain-resistance, weather resistance, water resistance, 
and freeze-thaw resistance of the coating can be developed by obtaining polymer (I) 
having a specific structure using a sUoxane polymer having a graft crosslinking point 
[0056] The specific structure of polymer (I) is a graft block copolymer comprising a 
polymer block (A) having a repetitive unit of dimethyl siloxane, a polymer block (B) 
having a repetitive unit of radical polymerizable monomers, and a silicon-containing 
graft-linking unit (C) which is copolymerized to polymer block (A) and polymer block 
(B). 

[0057] Polymer block (A) composing the graft block copolymer can be synthesized 
from dimethyl dialkoxy silanes such as dimethyl dimethoxy silane and dimethyl diethoxy 
silane; dimethyl siloxane-cyclic oligomers such as hexamethyl cyclotri siloxane, 
octamethyl cyclotetra siloxane, decamethyl cyclopenta siloxane, dodecamethyl cyclohexa 
siloxane, tetradecamethyl cyclohepta siloxane, and dimethylcyclics (a mixture of a trimer 
to a heptanomer of dimethyl siloxane-cyclic oligomer), and dimethyldichloro silane as 
raw materials. Dimethyl siloxane-cyclic oligomer is the most preferable as raw 
materials of polymer block (A) when efficiency of heat stability and so on and the cost of 
the obtained resin are considered. 

[0058] In addition, the mass average molecular mass of polymer block (A) is preferably 
1 0,000 or more. When the mass average molecular mass is less than 10,000, durability 
of the obtained coating tends to deteriorate. More preferably, it is 50,000 or more. 
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[0059] Polymer block (B) has the repetitive unit of radical polymerizable monomers, 
and it is preferable that it is contained 50-99.7 parts by mass in 100 parts by mass of the 
graft block copolymer. When the content of polymer block (B) is 50 parts by mass or 
more, hardness, strength, and stain-resistance of the coating tend to improve. In 
addition, when it is 99.7 parts by mass or less, deterioration of weather resistance, water 
resistance, and freeze-thaw resistance of the coating tend to be restrained. More 
preferred content is 60-99.5 parts by mass. 

[0060] The silicon-containing graftlinking unit (C) composing the graft block 
copolymer is a component to hold transparency of a painting coating to be obtained, and 
the above-described radical polymerizable monomers containing hydrolyzable silyl 
group can be used. 

[0061] An emulsion of this type of graft block copolymer can be obtained by graft 
copolymerization of the polymerizable monomers composing polymer block (B) in the 
presence of a radical polymerization initiator after emulsion polymerization of the cyclic 
dimethylsiloxane oligomers and the graftlinking agent comprising radical polymerizable 
monomers containing hydrolyzable silyl group in the presence of an acidic emulsifier. 
[0062] In addition, in the present invention, it is preferable that the radical 
polymerizable monomers containing hydrolyzable silyl group are not only used as 
graftlinking agents but also used for polymerization of block polymer (B). 
[0063] In addition, from a point of storage stability of the aqueous coating material, 
blending stability when pigments and additives are blended at the production of the 
coating material, and stain-resistance of the coating, it is preferable that ethylenic 
unsaturated carboxylic acid monomers are used as copolymerizable components for the 
polymer used in the present invention. The content of the ethylenic unsaturated 
carboxylic acid monomers is preferably 0. 1 -10 parts by mass for 100 parts by mass of 
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polymer (I). When the content is 0.1 part by mass or more, storage stability of the 
aqueous coating material improves, and when the aqueous coating material of the present 
invention was colored by adding a pigment, a problem of generation of agglomerates can 
be avoided and further stain-resistance of the coating is improved. In addition, when 
this content is 10 parts by mass or less, storage stability, blending stability of the aqueous 
coating material and stain-resistance of the coating can be further improved without 
reducing weather resistance and water resistance of the coating. More preferred content 
is 0.5-8 parts by mass. 

[0064] For example, for the above ethylenic unsaturated carboxylic acid monomers, 
(meth)acrylic acid, itaconic acid, citraconic acid, maleic acid, monomethyl maleate, 
monobutyl maleate, monomethyl itaconate, monobutyl itaconate, vinyl benzoic acid, 
oxalic acid monohydroxyethyl (meth)acrylate, tetrahydrophthalic acid monohydroxyethyl 
(meth)acrylate, tetrahydrophthalic acid monohydroxypropyl (meth)acrylate, 5- methyl 
-1,2- cyclohexane dicarboxylic acid monohydroxyethyl (meth)acrylate, phthalic acid 
monohydroxyethyl (mem)acrylate, phthatic acid monophydroxypropyl (meth)aciylate, 
maleic acid monohydroxyethyl (meth)acrylate, maleic acid hydroxypropyl (meth)acrylate, 
and tetrahydrophthalic acid monohydroxybutyl (meth)acrylate are given. These can be 
used alone or in combination as occasion demands. 

[0065] In addition, from a point of blending stability of the aqueous coating material 
and stain-resistance, weather resistance, water resistance, and adhesion for various 
materials of the coating, it is preferable that radical polymerizable monomers containing 
hydroxyl group and/or radical polymerizable monomers containing polyoxyalkylene 
group as copolymerization components for the polymer are used. This content is 
preferably 0.5-20 parts by mass for 100 parts by mass of polymer (I). When this 
content is 0.5 part by mass or more, blending stability of the aqueous coating material 
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and stain-resistance, weather resistance, water resistance, and adhesion for various 
materials of the coating can be improved, and when it is 20 parts by mass or less, 
blending stability of the aqueous coating material, stain-resistance and adhesion for 
various materials of the coating can be further improved without reducing weather 
resistance and water resistance of the coating. More preferred content is 1-12 parts by 



[0066] For example, for the above radical polymerizable monomers containing 
hydroxyl group, hydroxymethyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, 
2-hydroxypropyl (meth)acrylate, 3-hydroxypropyl (meth)acrylate, 4-hydroxybutyl 
(meth)acrylate, 6- hydroxyhexyl (meth)acrylate are given. 
[0067] In addition, for these radical polymerizable monomers containing 
polyoxyalkylene group, for example, an hydroxy group end-type radical polymerizable 
monomers containing polyalkylene oxide group such as hydroxypolyethylene oxide 
mono(meth)acrylate, hydroxypolypropylene oxide mono(meth)acrylate, hydroxy 
(polyethylene oxide - polypropylene oxide) mono(meth)acrylate, hydroxy (polyethylene 
oxide- propylene oxide) mono(meth)acrylate, hydroxy (polyethylene oxide - 
polytetramethylene oxide) mono(meth)acrylate, hydroxy (polyethylene oxide- 
tetramethylene oxide) mono(meth)acrylate, hydroxy (polypropylene oxide - 
polytetramethylene oxide) mono(meth)acrylate, and hydroxy (polypropylene oxide - 
polytetramethylene oxide) mono(meth)acrylate; alkyl group end-type radical 
polymerizable monomers containing polyalkylene oxide group such as methoxy 
polyethylene oxide mono(meth)acrylate, lauloxy polyethylene oxide mono(meth)acrylate, 
stearoxy polyethylene oxide mono(meth)acrylate, allyloxy polyethylene oxide 
mono(meth)acrylate, nonylphenoxy polyethylene oxide mono(meth)acrylate, 
nonylphenoxy polypropylene oxide mono(meth)acrylate, octoxy (polyethylene oxide - 
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polypropylene oxide) mono(meth)acrylate ) nonylphenoxy (polyethylene oxide - 
propylene oxide) mono(meth)acrylate are given. These can be used alone or in 
combination as occasion demands. 

[0068] In addition, fiom a point of weather resistance and water resistance of the 
coating, it is preferable that t-butyl methacrylate and/or cyclohexyl methacrylate are used 
as copolymerizable components for the polymer. This content is preferably 5-70 parts by 
mass for 100 parts by mass of polymer (T). When this content is 5 parts by mass or 
more, water resistance and weather resistance of the coating can be improved, and when 
it is 70 parts by mass or less, weather resistance and water resistance can be further 
improved without reducing freeze-thaw resistance of the coating. More preferred 
content is 10-60 parts by mass. 

[0069] In addition, it is preferable that radical polymerizable monomers containing 
self-crosslinkable functional group are contained as copolymerizable components for a 
polymer from a point of stain-resistance, weather resistance, water resistance, and 
adhesion for various material of the coating. This content is preferably 0.1-15 parts by 
mass for 100 parts by mass of polymer (I). When this content is 0.1 part by mass or 
more, stain-resistance, weather resistance, water resistance, and adhesion for various 
materials of the coating can be improved, and when it is 15 parts by mass or less, 
stain-resistance and adhesion for various materials of the coating can be further improved 
without reducing water resistance and weather resistance of the coating. More preferred 
content is 0.5-12 parts by mass. 

[0070] Here, radical polymerizable monomers containing self-crosslinkable functional 
group mean radical polymerizable monomers which are chemically stable at room 
temperature, in which the obtained resin disperses in a resin dispersion, and reactions 
between side-chain functional groups occur by drying at the time of the painting, heating, 
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or another external factor to cause chemical bonds between the side chain groups. For 
example, for the radical polymerizable monomers containing self-crosslinkable 
functional group, radical polymerizable monomers containing oxirane group such as 
glycidyl (meth)acrylate and alkylols or alkoxyalkyl compounds of ethylenic unsaturated 
amides such as N-methylol (meth)acryl amide, N-butoxymethyl (meth)acryl amide, and 
N-methoxymethyl (meth)acryl amide are given. These can be used alone or in 
combination as occasion demands. 

[0071] In addition, if is preferable that ultraviolet ray-resistant radical polymerizable 
monomers are contained as copolymerizable components used for the polymer, from a 
point of weather resistance of the coating. This content is preferably 0.1-10 part by 
mass for 100 parts by mass of polymer (I). When the content is 0.1 part by mass or 
more, weather resistance of the coating can be improved, and when it is 10 parts by mass 
or less, weather resistance of the coating can be further improved without reducing 
polymerization stability. More preferred content is 0.5-8 parts by mass. 
[0072] For the ultraviolet ray-resistant radical polymerizable monomers, 
(meth)acrylates having photostabilizing action and (meth)acrylates having components 
having ultraviolet-absorption properties are typically given. For example, as 
(meth)acrylates having photostabilizing action, 
4-(mem)acryloyloxy-2,2,6,6-tetramemylpiperidine, 
4-(mem)acryloylammo-2^,6,6^tetramethylpiperidine, 
4-(mem)acryloyloxy-l^,2,6,6-rwntamethylpiperidine, 
4-{meth)aciyloylainino-l ,2,2,6,6-pentamemylpiperidine, and 

4^ano^mem)acryloyloxy-2A6,6-tetramemylpiperidine are given. For example, as 
(meth)acrylates having components having ultraviolet-absorption properties, 
2-[2-hydroxy-5-(meth)acryloyloxy ethylphenyl]-2H-benzotriazole, 
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2-[2-hydn>xy-3-t-butyl-5-(meth)acryloyloxy ethyiphenyl]-2H-benzotriazole, and 
2-[2-hydroxy-3-t-amyl-5-(meth)acryloyloxy ethylphenyl]-2H-benzotriazole are given. 
These can be used alone or in combination as occasion demands. 
[0073] The preferred hydrolyzable radical polymerizable monomers containing silyl 
group, ethylenic unsaturated carboxylic acid monomers, radical polymerizable monomers.: 
containing hydroxyl group and/or radical polymerizable monomers containing 
polyoxyalkylene group, t-butyl methacrylate and/or cyclohexyl methacrylate, radical 
polymerizable monomers containing self-crosslinkable functional group, and ultraviolet 
ray-resistant radical polymerizable monomers can be used in combination as occasion 
demands. 

[0074] For a production method of the coating component, a method to dilute with 
water after emulsion polymerization or solution polymerization, and a method to dilute 
with water after solution polymerization to remove solvent are given. It is preferable to 
use the aqueous coating composition obtained by the above production methods as a 
paint, and it is more preferable to use the aqueous coating composition obtained by 
emulsion polymerization. 

[0075] Weil-known methods such as a method, for example, of supplying a radical 
polymerizable monomer mixture into a polymerization system in the presence of a 
surfactant and polymerizing by a radical polymerization initiator can be used to obtain an 
emulsion by emulsion polymerization. 

[0076] As an initiator, a compound generally used for radical polymerization can be 
used. For specific examples, persulphuric acid salts such as potassium persulfate, 
sodium persulfate, and ammonium persulfate; oil soluble azo compounds such as 
azobisisobutyronitrile, 2 t 2'-azobis(2-methyl butyronitrile), 2,2'-azobis(2,4-dimethyl 
valeronitrile), 2^'-azobis(4-methoxy-2,4-dimethyl valeronitrile), and 
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2-phenylazo-4-methoxy-2,4-dimethyl valeronitrile; water soluble azo compounds such as 
2,2'-azobis{2-methyl-N-[l,l-bis(hydroxymethyl)-2.hydro 
2,2 , -azobis{2-methyl-N-[2-(l-hydroxyeuiyl)] propionamide}, 
2,2'-azobis{2-metbyl-N-[2-{l-hydroxybutyl)] propionamide}, 
2^'-azobis[2K5-memyl-2-imidazoline-2-yl) propane] and salts thereof,. 
2,2'-azobis[2-<2-imidazoline-2-yl) propane] and salts thereof, 
2^'-azobis[2^3,4,5,6-tetrahydiopyrmndine-2-yl) propane] and salts thereof, 
2,2'-azx>bis(l-inu^l-pyrroUdino-2-methylpropane) and salts thereof, 
2^'-azobis{2-[H2-hydioxyethyl)-2-iniidazoline-2-yl] propane} and salts thereof, 
2,2*-azobis(2-methyl propioneamidine) and salts thereof, 

2,2 , -azobis[N-(2-carboxyethyl)-2-methyl propioneamidine] and salts thereof; and organic 
peroxides such as benzoyl peroxide, cumene hydroperoxide, t-butyl hydroperoxide, 
t-butyl peroxy-2-ethyl hexanoate, and t-butyl peroxy isobutyrate are given. These 
initiators can be used alone or in combination. In addition, when promotion of a rate of 
polymerization and polymerization at low-temperature polymerization of 70°C or less are 
expected, for example, it is profitable mat water soluble azo compounds such as 
2^*-azobis[2-(2-imidazoline-2-yl) propane] and salts thereof having 70°C or less of 10 
hour-half life temperature or reducing agents such as sodium bisulphite, ferrous sulfate, 
ascorbate, and Rongalite are used together with radical polymerization catalysts. 
[0077] Since it is preferable to use the above initiators because low-temperature 
polymerization in 70°C or less is preferable not to make hydrolyze a hydrolyzable part of 
the hydrolyzable radical porymerizable monomers containing silyl group in a 
polymerization process. Above all, it is more preferable to use the water-soluble azo 
compounds such as 2^-azobis[2-(2-imidazoline-2-yl) propane] and salts thereof from a 
point of stain-resistance, weather resistance, and water resistance of the coating. 
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[0078] The content of a radical polymerization initiator is usually 0.01-10 % by mass 
for total contents of the radical polymerizable monomers, and when progress of the 
polymerization and control of the reaction are taken into account, 0.05-5 % by mass is 
preferred. 

[0079] When molecular mass of polymer (I) is adjusted, as molecular mass modifiers, 
well-known chain transfer agents that are mercaptans such as n-dodecy 1 mercaptan, 
t-dodecyl mercaptan, n-octyl mercaptan, n-tetradecyl mercaptan, and n-hexyl mercaptan; 
halogen compounds such as carbon tetrachloride and ethylene bromide; a- methyl 
styrene dimer and so on can be used. Usually, it is 1 % by mass or less for the total 
contents of the radical polymerizable monomers. 

[0080] In addition, as for the aqueous coating material, it is preferable that 0.1-10 parts 
by mass of a surfactant is contained for 100 parts by mass of polymer (I). When there 
has 0.1 part by mass or more of the surfactant, storage stability of the aqueous coating 
material can be improved, and when emulsion polymerization is proceeded in the 
presence of the surfactant, stability in polymerization can be improved. In addition, 
stability at the time of mixing the paints, stability with time, and so on can be maintained 
without reducing water resistance by controlling the content of the surfactant to be 10 
parts by mass or less. More preferred content is 0.5-8 parts by mass. 
[0081] For the surfactant, various conventionally known anionic, cationic, or nonionic 
surfactants and polymer emulsifiers are given. In addition, so-called reactive 
emulsifiers having ethylenic unsaturated bonds in a surfactant component can be used. 
[0082] Stability of the emulsion obtained by emulsion polymerization can be improved 
by adjusting pH between a neutral condition and weak alkaline condition, namely, pH 
6.5-10.0 level by addition of a basic compound after polymerization. For example, as 
the above basic compound, ammonia, triethylamine, propylamine, dibutylamine, 
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amylamine, 1-aminooctane, 2-dimethyl aminoethanol, ethyl aminoethanol, 2-diethyl 
aminoethanol, l-amino-2-propanol, 2-amino-l-propanol, 2-amino-2-methyl-l-propanol, 
3-amino-l-propanol, 1 -dimethyl amino-2-propanol, 3 -dimethyl amino- 1-propanol, 
2-propyl aminoethanol, emoxypropylamine, aminobenzyl alcohol, moipholine, sodium 
hydroxide, and potassium hydroxide are given. 

[0083] The aqueous coating material described in claim 2 is explained. In the 
following, this aqueous coating material is abbreviated with the first aqueous coaling 
material. 

The first aqueous coating material contains polymer (I) comprising 0.1-20 parts 
by mass of a radical polymerizable monomer containing hydrolyzable silyl group (a) and 
80-99.9 parts by mass of another copolymerizable component (b) (100 parts by mass of 
(a) and (b) in total), colloidal silica (IT) having an average particle size of 60 nm or less, 
and an anionic surfactant shown in the following (III) and a nonionic surfactant, and 
contains 0.5-20 parts by mass of colloidal silica (II) in solid content for 100 parts by 
mass of polymer (I). The coating described in claim 1 can be obtained by applying the 
aqueous coating material. 

[0084] (Til): Sulfate salt of polyoxyalkylene aryl ether, sulfate salt of polyoxyalkylene 
alkylaryl ether, formalin condensate of sulfate salt of polyoxyalkylene aryl ether, and 
formalin condensate of sulfate salt of polyoxyalkylene alkylaryl ether 

As for the aqueous coating material of the present invention, stain-resistance, 
weather resistance, and water resistance of die coating can be improved by containing 
radical polymerizable monomers containing hydrolyzable silyl group. This content is 
0.1-20 parts by mass for 100 parts by mass of polymer (I). When the content is 0.1 part 
by mass or more, stain-resistance, weather resistance, and water resistance of the coating 
can be improved, and when it is 20 parts by mass or less, stain-resistance, weather 
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resistance, and water resistance can be further improved without reducing freeze-thaw 
resistance of the coating. The content is preferably 0.5-18 parts by mass, and more 
preferably 1-15 parts by mass. 

[0085] In addition, as for this aqueous coating material, it is necessary to contain the 
anionic surfactant shown in (III) and the nonionic surfactant from a point of 
stain-resistant of the coating. It makes much increase the area that the exposed colloidal 
silica occupies at the coating surface, and the coating having remarkable hydrophilic 
property and anti-static property is provided effectively by using these specific 
surfactants. 

[0086] It is preferable that the anionic surfactant shown in (IH) contains 0.1-10 parts by 
mass for 100 parts by mass of polymer (I). When there has 0.1 part by mass or more of 
the surfactant, stain-resistance of the coating, stability at the time of producing the 
coating material, and storage stability of the aqueous coating material can be improved, 
and when emulsion polymerization is proceeded in the presence of the surfactant, 
stability in polymerization can be improved. In addition, when there has 10 parts by 
mass or less of the surfactant, stain-resistance of the coating, stability at the time of 
producing the coating material and storage stability of the aqueous coating material can 
be improved without reducing water resistance, and when emulsion polymerization is 
proceeded in the presence of the surfactant, stability in polymerization can be improved. 
More preferred content is 0.5-8 parts by mass. 

[0087] In addition, to make much increase the area that the exposed colloidal silica 
occupies at the coating surface and to provide effectively the coating having remarkable 
hydrophilic property and anti-static property, polyoxyethylene is preferable as 
polyoxyalkylene parts of the anionic surfactant shown in (ID), and number of the 
repetitive unit is preferably 30 or less, and more preferably 20 or less. 
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[0088] For aryl part of the anionic surfactant shown in (ID), for example, phenyl, 
naphthyl, biphenyl, cumylphenyl, (mono - penta) benzylphenyl, (mono - penta) styryl 
phenyl, (mono - penta) styryl cyclohexylphenyl, (mono - penta) benzyl biphenyl and 
styryl cumylphenyl are given. 

[0089] In addition, as sulfate salts of the anionic surfactants shown in (ID), for example, 
a sulfuric ester sodium salt, a sulfuric ester potassium salt, a sulfuric ester calcium salt 
and a sulfuric ester ammonium salt are given. 

[0090] Among the anionic surfactants shown in (HI), for example, it is available as the 
"CP series" (Trade name, manufactured by Toho Chemical Industry Co., Ltd.) for sulfate 
salt of polyoxyalkylene aryl ether. In addition, it is available as "NEWCOL 707SF" 
(Trade name, manufactured by Nippon Nyukazai Co., Ltd.) for sulfate salt of 
polyoxyalkylene alkylaryl ether. In addition, it is available as "SP-1 85FNa" (Trade 
name, manufactured by Toho Chemical Industry Co., Ltd.) for formalin condensate of 
sulfate salt of polyoxyalkylene aryl ether. In addition, it is available as "ANTOX MS-60" 
(Trade name, manufactured by Nippon Nyukazai Co., Ltd.) for formalin condensate of 
sulfate salt of polyoxyalkylene alkylaryl ether. 

[0091] Among the anionic surfactants shown in (HI), the most preferred ones are two 
kinds of anionic surfactants shown in general formula (1) and general formula (2) in the 
following. These emulsifiers are available as "CP-12Na" (Trade name, manufactured 
by Toho Chemical Industry Co., Ltd., n =12), "SP-185FNa" (Trade name, manufactured 
by Toho Chemical Industry Co., Ltd., n =13). 

— (EO)n— S0 3 Na 0) 




2006 08/03 20:05 FAX 03 5288 5833 



(2)033/065 



30 




(Sty)2 

[0092] The content of the nonionic surfactant used in this aqueous coating composition 
is preferably 0.1-10 parts by mass for 100 parts by mass of polymer (I). When there has 
0.1 part by mass or more of the surfactant, stain-resistance of the coating, stability at the 
time of producing of the coating material and storage stability of the aqueous coating 
material can be improved, and when emulsion polymerization is proceeded in the 
presence of the surfactant, stability in polymerization can be improved In addition, 
when there has 10 parts by mass or less of the surfactant, stain-resistance of the coating, 
stability at the time of producing of the coating material and storage stability of the 
aqueous coating material can be improved without reducing water resistance, and when 
emulsion polymerization is proceeded in the presence of the surfactant, stability in 
polymerization can be improved. Preferred content is 0.5-9 parts by mass. More 
preferred content is 1-8 parts by mass. 

[0093] For the nonionic surfactant, for example, polyoxyalkylene alkyl ether, 
polyoxyalkylene alkylphenol ether, polyoxyalkylene aryl ether, polyoxy alkylene 
alkylaryl ether, sorbitan derivatives, formalin condensate of polyoxyalkylene aryl ether, 
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formalin condensate of polyoxyalkylene alkylaryl ether are given, and polyoxyalkylene 
alkyl ether is particularly preferable to make much increase the area that the exposed 
colloidal silica occupies at the coating surface and to provide effectively the coating 
having remarkable hydrophilic property and anti-static property. 
[0094] As alkyl parts of polyoxyalkylene alkyl ethers, for example, alkyl group of a 
linear chain type or a divergent chain type of carbon number of 1-36 are given. In 
addition, to make much increase the area that the exposed colloidal silica occupies at the 
coating surface and to provide effectively the coating having remarkable hydrophilic 
property and anti-static property, polyoxyethylene is preferable for a polyoxyalkylene 
part of polyoxyalkylene alkyl ethers. In addition, the number of the repetitive unit of 
polyoxyethylene is preferably 10 or more, and is more preferably 20 or more. A 
previously described effect rises when the number of the repetitive unit of 
polyoxyethylene is large. 

[0095] Among polyoxyalkylene alkyl ethers, the most preferred surfactants are ones 
shown in the following general formula (3). One of these emulsifiers are available as 
"EMULGEN 1150S-70 M (Trade name, manufactured by Kao Corporation, R: major 
carbon number of 1 1 , n =50). 
[0096] RO-(C 2 H4o)n-H (3) 

(Herein, n =0 or positive number, R is alkyl group of 1 -36 linear chain type or divergent 
type.) 

In this aqueous coating material, to improve stability at the time of producing 
the coating material, storage stability of the aqueous coating material, polymerization 
stability when emulsion polymerization in the presence of a surfactant, a surfactant 
except well-known various anionic emulsifiers, cationic emulsifiers, polymer emulsifiers, 
anionic surfactants shown in (III) such as reactive emulsifiers having ethylenic 
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unsaturated bonding in surfactant components and nonionic surfactants can be used in 

combination. However, it is preferable that only the anionic surfactant shown in (HI) 

and nonionic surfactants are used, to make much increase the area that the exposed 

colloidal silica occupies at the coating surface and to provide effectively the coating 

having remarkable hydrophilic property and anti-static property. 

[0097] Further, it is preferable that only the anionic surfactant shown in (HI) and 

polyoxyalkylene alkyl ether (the nonionic surfactants) are used. 

[0098] With regard to methods of addition of the anionic surfactant shown in (HI) and 

the nonionic surfectant, addition in a manufacturing process of polymer CO and addition 

after production of polymer (I) are given, however, it is not limited 

[0099] The aqueous coating material shown in claim 3 is explained. In the following, 

this aqueous coating material is abbreviated as the second aqueous coating material. 

The second aqueous coating material contains polymer (I) comprising 4-20 parts 
by mass of the unit of a radical polymerizable monomer containing hydrolyzable silyl 
group (a) and 80-96 parts by mass of another copolymerizable monomer unit (b) (100 
parts by mass of (a) and (b) in total) and colloidal silica (II) having an average particle 
size of 60nm or less, and is the aqueous coating material containing 0.5-20 parts by mass 
of colloidal silica (II) in solid content for 100 parts by mass of polymer (I), then, the 
coating which describes to claim 1 by applying this aqueous coating material can be 
obtained. 

[01 00] In this aqueous coating material, it is necessary to contain radical polymerizable 
monomers containing hydrolyzable silyl group from a point of stain-resistance, weather 
resistance and water resistance of the coating. The content is 4-20 parts by mass for 100 
parts by mass of polymer (I). When the content is 4 parts by mass or more, 
stain-resistance, weather resistance and water resistance of the coating can be improved, 
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and when it is 20 parts by mass or less, stain-resistance, weather resistance and water 
resistance can be further improved without reducing freeze-thaw resistance of the coating. 
The content is preferably 4.5-18 parts by mass, and is more preferably 5-15 parts by 
mass. 

[0101] In this aqueous coating material, an emulsifier to be used is not limited in 
particular. 

[0 1 02] In addition, with regard to radical polymerizable monomers containing 
hydrolyzable silyl group and other monomers, previously described monomers can be 
used. 

[0 1 03] The aqueous coating material shown in claim 4 is explained. In the following, 
this aqueous coating material is abbreviated with the third aqueous coating material. 

The third aqueous coating material comprises 0.5-20 parts by mass of colloidal 
silica (II) having an average particle size of 60nm or less in solid content for 1 00 parts by 
mass of polymer (I) and 0.5-20 parts by mass of an organic solvent with octanol/water 
distribution coefficient of less than 0.8, and the coating described in claim 1 by applying 
this aqueous coating material can be obtained. 

[0104] In this aqueous coating material, a kind of an emulsifier to be used and the 
content of units of radical polymerizable monomers containing hydrolyzable silyl group 
are not limited in particular. 
[01 05] [Organic solvents] 

The organic solvent is a component improving dispersibility of colloidal silica, 
and the ones with octanol/water distribution coefficient of less than 0.8 can be used. By 
using the organic solvent with octanol/water distribution coefficient of less than 0.8, the 
content of exposure of colloidal silica to the surface is increased for the coating formed 
by the aqueous coating material, and stain-resistance in film formation can be improved. 
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Further, dispersibility of colloidal silica in the coating becomes high so mat weather 
resistance and freeze- thaw resistance can be improved. 

[0106] Octanol/water distribution coefficient of an organic solvent is the value 
measured by following a method established with "distribution coefficient 
(1 -octanol/water) measurement - flask vibration" in Japanese Industrial Standard 
Z7260-107 (2000). 

[0107] As the organic solvent of octanol/water distribution coefficient of less than 0.8, 
for example, alcohols such as methanol, ethanol, n- propanol, isopropanol, i-butanol, 
t-butanol, 2-butanol, allyl alcohol, ethylene glycol, U-propanediol, diethylene glycol, 
triethylene glycol, tetraethylene glycol and dipropyiene glycol; ethers such as dimethyl 
ether, methyl cellosolve, ethyl cellosolve, methyl carbitol, carbitol, butyl carbitol, diethyl 
carbitol, tetrahydrofuran, propylene glycol monomethyl ether and dipropyiene glycol 
methyl ether; ketones such as acetone, methyl ethyl ketone, 2,4-penta dione and e- 
caprolactone; esters such as methyl acetate, ethyl acetate, propylene glycol monomethyl 
ether acetate, methyl cellosolve acetate, cellosolve acetate and carbitol acetate and 
acetonitrile are given, and these can be appropriately used alone in combination. In 
addition, these organic solvents can be applied with commercial ones because of no 
limitation for purification. 

[0108] In addition, octanol/water distribution coefficient of representative solvents are 
as follows: 0.25 of methanol; -0.31 of ethanol; 0.05 of isopropanol; 0.25 of 1 -propanol; 
-0.77 of methyl cellosolve; -0.32 of ethyl cellosolve; -0.54 of carbitol; -1.36 of ethylene 
glycol; -0.24 of acetone; 0.29 of methyl ethyl ketone and -0.34 of acetonitrile. 
[01 09] The content of the organic solvent occupied in the aqueous coating material is 
0.5-20 parts by mass for 100 parts by mass of the polymer, and it is preferably 1-18 parts 
by mass. When the content of the organic solvent is 0.5 parts by mass or more, 
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dispersibility and the content of exposure to the coating surface of colloidal silica in film 
formation can be improved, and stain-resistance, water contact angle, anti-static property 
and water wettability can be improved. In addition, when it is 20 parts by mass or less, 
the content of exposure of colloidal silica to the coating surface is increased without 
reducing storage stability and film formability, and stain-resistance, water contact angle, 
anti-static property and water wettability in film formation can be improved. 
[01 10] Subsequently, this aqueous coating material can be provided by adding 0.5-20 : 
parts by mass of the organic solvent with octanol/water distribution coefficient of less 
than 0.8 to a mixture of 100 parts by mass of polymer (I) and 0.5-20 parts by mass (as a 
solid) of colloidal silica (IT) having an average particle size of 60om or less.. The 
organic solvent can be added between the time just after mixing the polymer and 
colloidal silica and the time just before painting. More preferably, it is effective when it 
is added just before the painting. When mixing each component, a vessel with an 
agitator can be used. According to this process for producing, by adding the organic 
solvent of octanol/water distribution coefficient of less than 0.8, the content of exposure 
of colloidal silica to the coating surface can be more increased, further, dispersibility of 
colloidal silica in the coating can be improved. As a result, extremely excellent 
stain-resistance can be achieved, and higher transparency, weather resistance and 
freeze -thaw resistance can be developed. 

[0111] This aqueous coating material can be provided by adding the mixture, that 
0.5-20 parts by mass (as a solid) of colloidal silica having an average particle size of 60 
ran or less and 0.5-20 parts by mass of the organic solvent with octanol/water distribution 
coefficient of less than 0.8 were mixed in advance, to 1 00 parts by mass of the polymer. 
The mixture can be added at any time if it is added just before the painting. More 
preferably, it may be added just before the painting. When mixing each component, a 
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vessel with an agitator can be used. According to this process for producing, by adding 
the mixture, that the organic solvent with octanol/water distribution coefficient of less 
than 0.8 and colloidal silica having an average particle size of 60 nm or less were mixed 
in advance, to the polymer, the content of exposure of Colloidal silica to the coating 
surface is more increased, further, dispersibility of colloidal silica in the coating can be 
improved As a result, extremely excellent stain-resistance can be achieved, and higher 
transparency, weather resistance and freeze-thaw resistance can be developed In addition, 
this aqueous coating material can be provided by adding 0.5-20 parts by mass (as a solid) 
of colloidal silica having an average particle size of 60nm or less to the mixture of 100 
parts by mass of the polymer and 0.5-20 parts by mass of the organic solvent with 
octanol/water distribution coefficient of less than 0.8 as well as the previously described 
methods. 

[01 12] The first to the third aqueous coating materials are usually used in 10-80 mass % 
in solid content In addition, to produce high efficiency as a coating material, various 
additives such as various pigments, defoaming agents, pigment dispersants, leveling 
agents, sag control agents, delustering agents, UV absorbers, antioxidants, heat resistant 
improvers, slipping agents, preservatives, plasticizers, film formation assistants may be 
contained, further, other polymer emulsions, water soluble resins, viscosity control agents 
and, hardeners such as me 1 amine may be blended. 

[0113] As film formation assistants, normal materials used with water-based paints can 
be used. For example, aliphatic alcohols of linear type, divergent type or cyclic type of 
carbon number 5-10; alcohols containing aromatic group; monoethers of (polyethylene 
glycol or (poly)propylene glycol and so on shown in general formula 
HO-CCHiCHXOVR 1 (R 1 ; linear or branch-type alkyl group of carbon number 1-10: X; 
hydrogen or methyl group: n; integer of 5 or less) ; (polyethylene glycol ether esters or 
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(polypropylene glycol ether esters shown in general formula R 2 COCKCH 2 CHXO)n-R 3 
(R 2 , R 3 ; linear or branch-type alkyl group of carbon number 1-10: X; hydrogen or methyl 
group: n; integer of 5 or less); aromatic organic solvents such as toluene and xylene; 
mono or diisobutyrate of 2,2,4-trimethyl- 1 ,3 -pentanediol, 3rmethoxybutanol, 
3-methoxybutanol acetate, 3-methyl-3-methoxybutanol and 3^methyl-3-methoxybutanol 
acetate are given. 

[0114] To form the coating on the surface of various raw materials using the first to the 
third aqueous coating material, for example, various painting methods such as a mist 
coating method, a roller coating method, a bar coating method, an air-knife coating 
method, a brush painting and dipping method can be selected appropriately, the coating 
which formed a film sufficiently can be obtained with room temperature drying or heat 
drying at 40-200°C. In addition, the coating more excellent in weather-resistance can 
be achieved with strong binding between emulsion particles by heating at the temperature 
or more of glass transition temperature of the polymer after forming the coating by 
drying at low temperature of room temperature or around 50°C. At the above case, 
some sinking of colloidal silica being exposed to the coating surface is observed so that 
heating in a short time is effective. 

[0115] The coating of the present invention has no limitation in particular for a film 
formation area, and it can be performed with a coated article on various kinds of articles 
(referred to as substrate conveniently). As such a substrate, for example, a cement 
mortar, a slate board, a gypsum board, an extrusion sheet, a foamed concrete, a metal, a 
glass, a porcelain tile, an asphalt, a wood, a waterproofing gumwood, a plastic, and a 
calcium silicate substrate are given. In addition, the coating of the present invention can 
be evaluated as top finishes of these various substrates. 

[0116] In addition, as coated articles having the coating of the present invention, for 
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example, building materials, building exterior parts, building interior parts, window . : 
frames, window glasses, structural elements, boards, exterior parts of vehicles, exterior 
parts of mechanical devices and products, dust covers, reflector plates for road traffic 
signs, visual guidance indicators, road markings, various display devices, advertising 
towers, noise barrier walls for roads, noise barrier walls for railroads, decorative sheets 
for roads, light source covers for signals, outdoor display boards, bridges, guardrails, 
tunnel interior parts, lighting installations in tunnels, glasses, solar battery covers, heat 
collection covers of solar water heaters, plastic greenhouses, lighting covers for vehicles, 
mirrors for roads, mirrors for vehicles, measurement covers and measurement boards for 
two-wheeled vehicles, glass lens, plastic lens, helmet shields, goggles, window glasses 
for houses, cars and railway vehicles, vehicle windshields, show-cases, thermal ' * • v 
insulation show-cases, film structure materials, fins for heat exchange, glass surfaces of 
various kinds of places, blinds, tire wheels, roof covers, roof flumes, antennas, power 
transmission lines, housing equipments, toilet stools, bathtubs, washstands, lighting :. 
equipments, lighting covers, kitchen wares, table wares, table-ware storing devices, dish 
washers, table-ware dryers, sinks, cooking ovens, kitchen hoods, ventilation fens, 
aquarium materials for appreciation, facing materials of portions touching circulated 
water in application facilities circulated water, anti-thrombogenic materials, antiprotein 
adhesion materials, lipid adhesion proofing materials, contact lens, catheters for 
withdrawing of urine, percutaneous devices, artificial organs, blood bags, blood bags for 
collection, lung drainages, ship's bottoms, tent-material canvases, tools for glide, 
functional fibers, displays for display screens such as televisions or PC and a film 
sticking on die products are given. 

[0117] In other words, the present invention can be used for various coating 
applications like aqueous coating compositions used for building frame protection such 
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as architectural structures and civil engineering structures, and it is extremely useful for 

industry. 

EXAMPLE 

[0118] In the following, the present invention is explained by embodiment in detail, 
however, the present invention is not limited by these at all. In addition, "part" is a 
mass standard in description of the following. About examinations of physical 
properties of the aqueous coating material, examinations were performed based on the 
following methods. 

[01 19] <Ratio of the area that exposed colloidal silica occupies at the coating surfacO 
It was measured with image processing of a secondary electron image of a 

scanning electron micrograph of the coating surface. An electron microgram scanning 

condition and a software used for image processing are shown in the following. 

[0120] Electron microgram 

A JSM-6340F type field emission form scanning electron microscope 

manufactured by JEOL Ltd. 

Acceleration voltage 2.5kV, magnification 50,000 times / image processing 

analysis 

Planetron Inc., Image-Pro Plus 

Analyzing target mir»™»1 area; le-5um2 
Manufacture of panels for evaluation of water contact angle, carbon staining-resistant, 
weather resistance and water resistance> 

An aqueous coating composition provided in a production example was coated 
on a steel sheet treated with zinc phosphate (a steel sheet treated with "Bondelite # 100", 
thickness of 0.8mm, length of 150mm, width of 70mm) with a bar coater # 60 under an 
atmosphere of 40°C and was dried at 130°C for 5 minutes. Afterwards, the material 
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dried at room temperature for 1 day was used for a blackboard for evaluation of water 
contact angle, carbon stain-resistance, weather resistance and water resistance. 
[0121] <Manufacture of a panel for evaluation of anti-static property> 

An aqueous coating composition provided in a production example was coated 
on a "MMA sheet" (manufactured by Mitsubishi Rayon Co;; Ltd.) with a bar coater #60 
under an atmosphere of 40°C and was dried at 130°C for 5 minutes. Afterwards, a 
blackboard of anti-static property for evaluation was measured with a sample cut for 4cm 
squares after drying the material under an atmosphere for 1 day. 
[0122] <Manufecture of panel for evaluation of outdoor exposure stain-resistance> 

A white enamel coating (PVC= c 40%) using "DIANAL LX-201 1 " (Trade name, 
Mitsubishi Rayon Co., Ltd.) as an intermediate coating was spray-coated on a steel sheet 
treated with zinc phosphate (a steel sheet treated with "BONDELITE # 100", thickness of 
0.8 mm, length of 300 mm, width of 100 mm) to result in dry film thickness of 50nm at 
room temperature and was dried at 130°C for 5 minutes. Subsequently, an aqueous 
coating composition provided in the production example was spray-coated to result in 
dry film thickness of 30 \im at room temperature and was dried at room temperature for 1 
day after drying at 130°C for 5 minutes. This was used as a blackboard of outdoor 
exposure stain-resistance for evaluation. 

[0123] <Manufacture of the coating for coating-elongation evaluation^ 

An aqueous coating composition provided in a production example was coated 
on a PET film with an applicator of 10MIL at room temperature and was dried at room 
temperature for lday after drying at 80°C for 12 hours. This painting film was cut in 
dumb-bell shape with model 2, and the coating was peeled off from a PET film. This 
was used as the coating for coating-elongation evaluation. 
[0124] <Testing method> 
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(1) Transparency 

A clear coating mptenal for evaluation was coated on a glass plate with a 4MBL 
applicator under an atmosphere of 40°C, and a blackboard for evaluation was obtained 
after drying at 1 30°C for 5 minutes. Transparency of the coating was observed in visual 
observation, and it was determined in a standard of the following. v 
[0125] 

" o": Transparent 
"A": Translucent 
"X": Cloudiness 

(2) Water contact angle 

Using a CA-X1 50 type FACE contact angle meter manufactured by Kyowd 
Interface Science Co., Ltd., a drop of water of 0A\i (scale graduated in a screen; scale 3) 
was titrated on to a blackboard for evaluation, and water contact angle after 30 seconds 
was measured. 

[0126] (3) Anti-static property 

A test panel for evaluation was attached to STATIC HONEST METER S-5109 
manufactured by Shishido Electrostatic, Ltd., the half-life period shown in US L 1094 
was measured, and anti-static property was determined with the following standards. At 
the above case, application was stopped after continuing application of plus lOkV for 30 
seconds, and measurement was performed for 180 seconds after application start with 
maintaining turning of a turning table. 
[0127] 

n ®": 30 seconds or less 

"o": 30 seconds or more, less than 90 seconds 
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"A": 90 seconds or more, less than 180 seconds 
"X": 180 seconds or more 

(4) Elimination property of carbon pollution 

Immediately after water was sprayed on a blackboard for evaluation by a sprayer, 
10% petroleum benzine solution of carbon MA100 (manufactured by Mitsubishi 
Chemical Corp.) by using a dropping pipet was dripped, and it was washed away with 
city water 5 seconds later. About the portion where the carbon solution had been 
dripped, adhesion level of carbon to the coating was observed in visually, and elimination 
property of carbon pollution was determined with the following standards. 
[0128] 

"® M : No adhesion at all 
"o" : A little adhesion at portional area 
" A": Thin adhesion at whole area 
"X M : Thick adhesion at whole area 

(5) Outdoor exposure stain-resistance 

A test panel of 300 x 100 mm was bent so that the internal angle became 135 
degrees at a one-third length from the upper part. The test panel was set up so that it 
was faced to a south aspect in Toyohashi plants, Mitsubishi Rayon Co.i Ltd. 
(Ushikawadori, Toyohashi-shi), so that a wide side area (a perpendicular side) was 
performed perpendicularly, and further so that a small side area (an upper side) was in the 
upper part. After exposure of 6 months, difference of whiteness AL before and after 
exposure in the upper surface of a painting film was measured by a colorimeter, and 
existence of rain-line pollution of the perpendicular side was evaluated in visual 
observation. An acceptance standard is shown in the following. 
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[0129] (Difference of whiteness AL before and after exposure at the upper surface of a 

painting film) 

"<§)": Less than 2.5 

"o": 2.5 or more, less than 5-0 

" A": 5.0 or more, less than 7.5 

"X": 7.5 or more 

(Existence of rain-line pollution of the perpendicular side) 

n @": No rain-line pollution. 

"o": A little rain-line pollution is seen. 

"X": Rain-line pollution is obviously seen 

(6) Weather resistance 

A test panel was cut to a size of 70mm x 50mm, and this test panel was entered 
in "Daipla metal weather KU-R4-W type" (manufactured by Daipla Whites Co., Ltd.). 
Weather resistance was determined in the following standards with a weather-resistant 
guideline of a testing cycle for 4 hour's irradiation (atomization 5 seconds IX 5 minutes) / 
4 hour's dew formation, UV strength of 85mW/cm 2 , black-panel temperature of 63°C at 
irradiation time / 30°C at dew formation time, humidity of 50% RH at irradiation time / 
96% RH at dew formation time and retention of 60° gross of every 96 hours (12 cycles) 
progress. In addition, it was continued for 480 hours (60 cycles) as the longest time. 
[0130] 

"® n : 90% or more 

"o"; 70% or more, less than 90% 

"A": 50% or more, less than 70% 

"X": Less than 50%, or a peeling/crack of the coating occurs. 
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(7) Water resistance 

A test panel was determined in the following standards with a water-resistant 
guideline of gloss retention of 60° gross of the coating that was dried at room 
temperature after dipping in pure water for 5 days at 60°C. 
[0131] 

"®": 90% or more 
"o": 70% or more, less than 90% 
" A": 50% or more, less than 70% 
"X": Less than 50% 

(8) Coating-elongation 

The elongation measurement of the coating for coating elongation evaluation 
was measured by using a Tensilon measuring machine. In addition, this rate of testing 
was performed at 50mm/min, load cell rating was lfcN and the environmental 
temperature at the time of the measurement was at 25°C. 

[0132] <Production example 1> Preparation of an aqueous dispersion of a polyorgano 
siloxane polymer 

A composition comprising 95 parts by mass of cyclic dimethyl siloxane 
oligomer mixtures of trimer to heptanomer, 5 parts by mass of y-methacryloyloxy propyl 
trimethoxy silane, 250 parts by mass of deionized water, 0.4 part by mass of sodium 
dodecylbenzene sulfonate and 0.4 part by mass of dodecylbenzene sulfonic acid is 
premixed in a homomixer. Then, pre-emulsion of the raw material was obtained with 
emulsifying compulsively with pressure of 200kg/cm 2 using a pressure-type 
homogenizes 

[0133] Subsequently, to a flask comprising an agitator, a reflux cooling pipe, a thermal 
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control unit and titration pump, 55 parts by mass of water and 5 parts by mass of 
dodecylbenzene sulfonic acid were added. While keeping the inner temperature of the 
flask at 85°C under agitation, the above pre-emulsion of the raw materials was titrated 
with 4 hours. An aquaous dispersion of polyorgano siloxane copolymer (SiEm) was 
prepared by adding of ammonia with equal molar content of dodecylbenzene sulfonic 
acid, after a titration, further 1 hour polymerization and cooling off. The solid content 
was 22.7%. 
[0134] [Example 1]] 

To a flask comprising an agitator, a reflux cooling pipe, a thermal control unit 
and a titration pump, 80 parts by mass of deionized water, 2.5 parts by mass of 
"CP-12Na" (manufactured by Toho Chemical Industry Co., Ltd., a non-reactive type 
anionic surfactant, solid content 30%) and a mixture of the radical polymerizable 
monomer which was a component of a copolymer shown in "the first step" (an inner 
layer) of the following table 1 was added. After having raised an inner temperature of 
the flask to 50°C, an aqueous initiator solution of ammonium persulfate 0.15 parts by 
mass / deionized water 1 part by mass was added, then, an aqueous reducing agent 
solution of sodium hydrogensulfite 0.05 part by mass / deionized water 1 part by mass 
was further added. After 1 hour of addition of the aqueous reducing agent solution, 
confirmation at peak top temperature by exothermic of the polymerization and helding 
the inner temperature of a flask to 65°C, an aqueous surfactant solution of "EMULGEN 
1 1 50S-70" (manufactured by Kao Corporation, a non-reactive type nonionic surfactant, 
solid content 70%) 1.43 parts by mass / deionized water 1.9 parts by mass was added 
[0135] After 0.5 hour of the aqueous surfactant solution addition, pre-emulsion that a 
mixture of radical polymerizable monomers which is a component of the copolymer 
shown in "the second step" (an outer layer) in the following table 1,21 parts by mass of 
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deionized water, 6.7 parts by mass of CP-12Na and 0.115 part by mass of AMP -90 (90% i : 

aqueous solution of 2- amino-2-methy 1- 1 -propanol) were emulsified dispersed in advance ..n 
and the initiator solution of VA-061 (manufactured by Wako Pure Chemical Industries, o. . . , i; 
Ltd.) 0.1 part by mass / methanol 2 parts by mass / deionized water 3 parts by mass were 
titrated by 2 lines with 1.5 hours. When titrating, the inner temperature of the flask was 
maintaine d at 65°C, and after titration was finished, it was maintained at 65°C for 1 hour. 
Further, it was maintained at 65°C for 0.5 hour after addition of 0.63 part by mass of 28% 
aqueous ammonia. 

[0136] Afterwards, it was cooled off to room temperature, and an aqueous coatyig 
material was obtained with adding 25 parts by mass (5 parts by mass in solid content) of 
"SNOWTEX O m (manufactured by Nissan Chemical Industries, Ltd., an aqueous 
colloidal silica dispersion, SiCb solid content =20%). 

[01 37] Further, the coating material was obtained with adding 5 parts by mass of butyl 
cellosolve as a film formation auxiliary. 

[0138] A coating was prepared using the provided coating material, and transparency, 
water contact angle, anti-static property, carbon stain-resistance, outdoor exposure 
stain-resistance, weather resistance and water resistance were tested. The results are 
shown in the following table 4. 
[0139] [Example 2] 

To a flask comprising an agitator, a reflux cooling pipe, a thermal control unit 
and a titration pump, 80 parts by mass of deionized water, 2.5 parts by mass of CP-12Na, 
4 parts by mass (0.9 part by mass in solid content) of SiEm and a mixture of the radical 
polymerizable monomer which was a component of a copolymer shown in the first step 
(an inner layer) of the following table lwas added. After having raised an inner 
temperature of the flask to 50°C, an aqueous initiator solution of ammonium persulfate 



2006 08/03 20:09 FAX 03 5288 5833 



(21050/065 



47 

0.1 5 part by mass / deionized water 1 part by mass was added, then, an aqueous reducing 

agent solution of sodium hydrogensulfite 0.05 part by mass / deionized water 1 part by 

mass was further added. After 1 hour of addition of the aqueous reducing agent 

solution, confirmation at peak top temperature by exothermic of the polymerization and 

helding the inner temperature of a flask to 65°C, an aqueous surfactant solution of. u n: c 

"EMULGEN 1 1 50S-70" 1 A3 parts by mass / deionized water 1 .9 parts by mass was 

added. 

[0140] After 0.5 hour of the aqueous surfactant solution addition, the pre-emulsion that 
a mixture of radical polymerizable monomers which is a component of a copolymer 
shown in "the second step" (an outer layer) in the following table 1,21 parts by mass of - . - 
deionized water, 6.7 parts by mass of CP-12Na and 0.115 part by mass of AMP -90 were 
emulsified dispersed in advance and the initiator solution of VA-061 0.1 part by mass / 
methanol 2 parts by mass / deionized water 3 parts by mass were titrated by 2 lines with 
1 .5 hours. When titrating, the inner temperature of the flask was maintained at 65°C, 
and after titration was finished, it was maintained at 65°C for 1 hour. Further, it was 
maintained at 65°C for 0.5 hour after addition of 0.63 part by mass of 28% aquaous 
ammonia. 

[0141] Afterwards, it was cooled off to room temperature, and an aqueous coating 
material was obtained with adding 25 parts by mass (5 parts by mass in solid content) of 
"SNOWTEX O". 

[0142] Further, the coating material was obtained with adding 5 parts by mass of butyl 
cellosolve as a film formation auxiliary. 

[0143] A coating was prepared using the provided coating material, and transparency, 
water contact angle, anti-static property, carbon stain-resistance, outdoor exposure 
stain-resistance, weather resistance, water resistance and coating-elongation were tested. 
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The results are shown in the following table 4. 

[0144] [Example 3] 

To a flask comprising an agitator, a reflux cooling pipe, a thermal control unit 
and a titration pump, 80 parts by mass of deionized water, 1 .7 parts by mass of CP-12Na, 
22 parts by mass (5 parts by mass in solid content) of SiEm, a mixture of theradical 
polymerizable monomer which was a component of a copolymer shown in the first step 
(an inner layer) of the following table land 0.09 part by mass of "Perbutyl H69" 
(manufactured by NOF Corp.) was added. After having raised an inner temperature of a 
flask to 55°C, an aqueous reducing agent solution of ferrous sulfate 0.0002 part by mass 
/EDTA 0.0005 part by mass / Rongalite 0.05 part by mass / deionized water 1 part by 
mass was added. After 1 hour of addition of the aqueous reducing agent solution, 
confirmation at peak top temperature by exothermic of the polymerization and fielding 
the inner temperature of a flask to 65°C, an aqueous surfactant solution of "EMULGEN 
1 1 50S-70" 1 .43 parts by mass / deionized water 1 .9 parts by mass was added. 
[0145] After 0.5 hour of the aqueous surfactant solution addition, the pre-emulsion that 
a mixture of the radical polymerizable monomers which is a component of a copolymer 
shown in "the second step" (an outer layer) in the following table 1, 21 parts by mass of 
deionized water, 6.7 parts by mass of CP-12Na and 0.115 part by mass of AMP -90 were 
emulsified dispersed in advance and the initiator solution of VA-061 0.1 part by mass / 
methanol 2 parts by mass / deionized water 3 parts by mass were titrated by 2 lines with 
1 .5 hours. When titrating, the inner temperature of the flask was maintained at 65°C, 
and after titration was finished, it was maintained at 65°C for 1 hour. Further, it was 
maintained at 65°C for 0.5 hour after addition of 0.63 part by mass of 28% aqueous 
ammonia 

[0146] Afterwards, it was cooled off to room temperature, and an aqueous coating 
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material was obtained with adding 25 parts by mass (5 parts: by mass in solid content) of 
"SNOWTEX O". 

[01 471 Further, the coating material was obtained with adding 5 parts by mass of butyl 
ceUosolve as a film fonnation auxiliary. 

[01 48] A coating was prepared using the provided coating material, and transparency; , , : 
water contact angle, anti-static property, carbon stain-resistance, outdoor exposure 
stain-resistance, weather resistance, water resistance, and coating-elongation were tested. 
The results are shown in the following table 4. 

[0149] [Examples 4-1 8, 21 and 22] 

Aqueous coating materials were provided as well as Example 3 except that kinds 

/ contents of aqueous colloidal silica dispersions, components of copolymers shown in - 

"the first step" (an inner layer) and components of copolymers shown in "the second 

step" (an outer layer) were changed as shown in table 1 or 2. 

[0150] However, pH of the aqueous coating material about Examples 13 was 7 or less 
so that AMP -90 was further added and pH was adjusted 8.8. 
[0151] Further, the coating materials were obtained with adding 5 parts by mass of 
butyl ceUosolve as a film formation auxiliary. 

[0152] However, defectiveness of the film formation occurred with adding of 5 parts of 
butyl ceUosolve about examples 10, 11, 21 and 22, the coating materials were prepared 
with adding of 17 parts of butyl ceUosolve. 

[0153] Coatings were prepared using the provided coating materials, and transparency, 
water contact angle, anti-static property, carbon stain-resistance, outdoor exposure 
stain-resistance, weather resistance and water resistance were tested about Examples 4-7, 
21and 22, and transparency, water contact angle, anti-static property and carbon 
stain-resistance were tested about Examples 8-18. The results are shown in the 
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following table 4. 
[0154] [Example 19] 

To a flask comprising an agitator, a reflux cooling pipe, a thermal control unit 
and a titration pump, 40 parts by mass of deionized water, 1.7 parts by mass of CP-12Na, 
44 parts by mass (10 parts by mass in solid content) of SiEm, a mixture of the radical r.ai , : -u ji -'. : 
polymerizable monomer which was a component of a copolymer shown in the first step 
(an inner layer) of the following table 2 and 0.09 part by mass of Perbutyl H69 was 
added. After having raised an inner temperature of a flask to 55 °C, an aqueous 
reducing agent solution of ferrous sulfate 0.0002 part by mass /EDTA 0.0005 part by 
mass /Rongalite 0.05 part by mass /deionized water 1 part by mass was added.:. After 1. 
hour of addition of the aqueous reducing agent solution, confirmation at peak top - 1 - .: 

temperature by exothermic of the polymerization and helding the inner temperature of a 
flask to 65°C, an aqueous surfactant solution of "EMULGEN 1 1 50S-70" 1 .43 parts by 
mass / deionized water 1.9 parts by mass was added. 

[0155] After 0.5 hour of the aqueous surfactant solution addition, the pre-emulsion that 
a mixture of the radical polymerizable monomers which is a component of the copolymer, 
shown in "the second step" (an outer layer) in the following table 2, 21 parts by mass of 
deionized water, 6.7 parts by mass of CP-12Na and 0. 1 1 5 part by mass of AMP -90 were 
emulsified dispersed in advance and the initiator solution of VA-061 0. 1 part by mass / 
methanol 2 parts by mass / deionized water 3 parts by mass were titrated by 2 fines with 
1 .5 hours. When titrating, the inner temperature of the flask was maintained at 65°C, 
and after titration was finished, it was maintained at 65°C for 1 hour. Further, it was 
maintained at 65°C for 0.5 hour after addition of 0.63 part by mass of 28% aquaous 
ammonia. 

[0156] Afterwards, it was cooled off to room temperature, and an aqueous coating 
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material was obtained with adding 25 parts by mass (5 parts by mass with a solid 
content) of "SNOWTEX O". 

[0157] Further, the coating material was obtained with adding 5 parts by mass of butyl 
ceUosolve as a film formation auxiliary. . .» 

[0158] A coating was prepared using the provided coating material, and transparency, us::: :-. 
water contact angle, anti-static property, carbon stain-resistance, outdoor exposure 
stain-resistance, weather resistance and water resistance were tested. The results are 
shown in the following table 4. 
[0159] [Example 20] 

To a flask comprising an agitator, a reflux cooling pipe, a thermal control unit 
and a titration pump, 10 parts by mass of deionized water,. 1.7 parts by mass of CPrl2Na,;: . u:. 
88 parts by mass (20 parts by mass in solid content) of SiEm, a mixture of the radical 
polymerizable monomer which was a component of a copolymer shown in the first step 
(an inner layer) of the following table 2 and 0.09 part by mass of Terbutyl H69" was 
added. After having raised an inner temperature of a flask to 55°C, an aqueous 
reducing agent solution of ferrous sulfate 0.0002 part by mass /EDTA 0.0005 part by 
mass / Rongalite 0.05 part by mass / deionized water 1 part by mass was added. After 1 
hour of addition of the aqueous reducing agent solution, confirmation at peak top 
temperature by exothermic of the polymerization and helding the inner temperature of a 
flask to 65°C, an aqueous surfactant solution of "EMULGEN 1150S-70" 1.43 parts by 
mass / deionized water 1.9 parts by mass was added. 

[01 60] After 0.5 hour of the aqueous surfactant solution addition, the pre-emulsion that 
a mixture of the radical polymerizable monomers which is a component of a copolymer 
shown in "the second step" (an outer layer) in the following table 2, 21 parts by mass of 
deionized water, 6.7 parts by mass of CP-12Na and 0.115 part by mass of AMP -90 were 
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emulsified dispersed in advance and the initiator solution of :VA-061 0.1 part by mass t 

methanol 2 parts by mass / deionized water 3 parts by mass were titrated by 2 lines with 

1.5 hours. When titrating, the inner temperature of the flask was maint ained flt 65°C, : 

and after titration was finished, it was maintained at 65°C for 1 hour. Further, it was 

maintained at 65°C for 0.5 hour after addition of0.63 part by mass of 28%.aquaousix. :»:»■ *$ts:„w 

ammonia. 

[0161] Afterwards, it was cooled ofiF to room temperature, and an aqueous coating : 
material was obtained with adding 25 parts by mass (5 parts by mass in solid content) of 
"SNOWTEXO". 

[0162] Further, the coating material was obtained with adding 5 parts by mass of : 
butylcellosolve as a film formation auxiliary. > ::. -v. 

[0163] A coating was made using the provided coating material, and transparency, 
water contact angle, anti-static property, carbon stain-resistance, outdoor exposure 
stain-resistance, weather resistance and water resistance were tested. The results are 
shown in the following table 4. : . /; . ; : : 

[0164] [Example 23] : 

An aqueous coating material was prepared as well as Examples 22 and 5 parts . 
by mass of ethanol was added. 

[0165] Further, the coating material was obtained with adding 17 parts by mass of 
butylcellosolve as a film formation auxiliary. 

[0 1 66] A coating was prepared using the provided coating material, and transparency, 
water contact angle, anti-static property and carbon stain-resistance were tested. The 
results are shown in the following table 4. 
[0167] [Comparative example 1 to 3] 

Aqueous coating materials were provided as well as Example 3 except that kinds 
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/ contents of aqueous colloidal silica dispersions were changed as shown in table 3. 
[0168] Further, the coating materials were obtained with adding 5 parts by mass of ... 
butylcellosolve as a film formation auxiliary. 

[0169] Coatings were prepared using the provided coating materials, and transparency, 
water contact angle, anti-static property, carbon stain-resistance, outdoor-exposure . :. . : 
stain-resistance and weather resistance were tested about Compative examples 1 and 2, 
and transparency, water contact angle, anti-static property and carbon stain-resistance, 
outdoors exposure staining resistance, weather resistance, and coating elongation were 
tested about Comparative example 3. The results are shown in the following table 4. 
[0170] [Comparative example 4] 

An aqueous coating material was provided as well as Example 3 except that a . 
component of the copolymer shown in "the first step" (an inner layer) was changed as 
shown in table 3. 

[0171] Further, the coating material was obtained with adding 5 parts by mass of 
butylcellosolve as a film formation auxiliary. 

[0172] A coating was prepared using the provided coating material, and transparency, 
water contact angle, anti-static property, carbon stain-resistance, outdoor exposure 
stain-resistance, weather resistance, and water-resistance were tested. The result is 
shown in the following table 4. 
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[01 73] Abbreviations during Table 1 or 2 show compounds of the following. 
[0174] 

MMA: methyl methacrylate 
2-HEMA: 2-hydroxyethyl methacrylate 

EDMA: ethylene glycol dimethacrylate 

t-BMA: tert-butyl methacrylate 
n-BA: n-butyl acrylate 
St: styrene 

"SZ-6030": y- methacryloyloxypropyl trimethoxy silane (manufactured by Dow Coming 

Toray Co., Ltd.) 

MAA: methacrylic acid 

AA: acrylic acid 

n-BMA: n-butyl methacrylate 

2-EHA: 2-ethylhexyl acrylate 

1- BMA: isobutyl methacrylate 

2- EHMA: 2-ethylhexyl methacrylate 

"SNOWTEX O": (Trade name, manufactured by Nissan Chemical Industries, Ltd., 
particle size of 10-20nm) 

"SNOWTEX 20": (Trade name, manufactured by Nissan Chemical Industries, Ltd., 
particle size of 10-20nm) 

"SNOWTEX ZL": (Trade name, manufactured by Nissan Chemical Industries, Ltd., 
particle size of 70-100nm) 

"CP-12Na": (Trade name, manufactured by Toho Chemical Industry Co., Ltd.) 
"SP-185FNa": (Trade name, manufactured by Toho Chemical Industry Co., Ltd.) 
"LATEMUL E-118B": (Trade name, manufactured by Kao Corporation) 
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"ADEKA REASOAP SR -1025": (Trade name, manufactured by Adeka Coip.) 
"EMULGEN 1150S-70": (Trade name, manufectured by Kao Corporation) 
"EMULGEN 1 135S-70": (Trade name, manufactured by Kao Corporation) 
[01 75] As apparent from table 4, the coatings of Examples are excellent in water 
contact angle and anti-static property so that they are excellent in stain-resistance (carbon . 
decontamination property and outdoor exposure stain-resistance) and also have high 
transparency, weather resistance, water resistance and coating-elongation. On the 
contrary, the coatings of Comparative examples are inferior to property balance of 
stain-resistant, transparency, weather resistance, water resistance and coating-elongation. 
In particular, as the coatings of Comparative examples 1, 2 and 4, the areas of colloidal 
silica that were exposed to the coating surfaces become small, and stain-resistances are of 
low levels. 

INDUSTRIAL APPLICABILITY 

[0 1 76] The coating of the present invention is suitable for the painting to the products 
which in particular high stain-resistance, transparency, weather resistance, water 
resistance, and coating-elongation are required. 
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